Introduction and Background: For long, the controversy has prevailed regarding the number of channels that should be involved in recording the P300 waveform or other long-latency event-related potentials (ERPs). There are several theoretical reasons which favor the technique of using multiple channels for ERP over a single channel. Most important is the possibility of, asymmetries in generator activity of a particular waveform. If there are asymmetries of the generator activity, it will result in topographical deviations of the P300 peak from the midline. Here, we provide support for multiple channel recording on the basis of our study results. Methodlogy: This was a cross-sectional case-control study. 17 normal individuals were recruited for the study. The auditory ERP data were collected using the auditory oddball P300 paradigm. The peak amplitudes obtained in CZ was compared with independent samples t-test with the peak amplitudes in all other electrodes. Results: There were significant differences between the amplitudes of P300 as recorded from CZ compared to the amplitudes of other electrodes. In line with the idea popular in literature, the maximum amplitude was found in the midline region which was however located at the parietal regions rather than the central region. Discussion: Our results show two important findings which should be taken into account while interpreting the active electrode as the major source of P300 recording. The first and foremost seems to be that the standard deviations and variances of the amplitude values that we observed were very high, sometimes even more than the mean values. Second, there are irregularities in the localizations of maximum amplitudes in between individuals. On the basis of these findings, we recommend multiple channel recording for P300 ERPs.
Introduction
For long, the controversy has prevailed regarding the number of channels that should be involved in recording the P300 waveform or other long-latency event-related potentials (ERPs). The debate has been more or less limited to the measurement of P300 amplitudes. However, the importance of measuring the P300 latencies as well in all the recordings universally has not be emphasized adequately. P300 is supposed to be the combined electrical activity originating from at least two different generators localized in the left and right medial temporal lobes; and probably other cerebral structures such as the frontal lobe, [1] amygdale, [2] and the inferior parietal lobe. [3] Normal P300 fields usually show a midline central or parietal peak, and this supposedly is the sum of the widespread generator activities. No neuroanatomical rationale (i.e., vicinity to the supposed generator) is therefore available for the convention of selecting a midline electrode (e.g., PZ) as the active electrode, but rather the fact that the peak of a typically distributed P300 is located in this region.
There are several theoretical reasons which favor the technique of using multiple channels for ERP over a single channel. Most important is the possibility of, asymmetries in generator activity of a particular waveform. If there are asymmetries of the generator activity, it will result in topographical deviations of the P300 peak from the midline. The overall P300 field strength, on the other band, is not necessarily affected by topographical deviations as reduced activity on one side could be compensated by enhanced activity on the other side. Evidently, if the active (recording) electrode is in a fixed place for map configurations, the measured amplitudes optimally reflect the P300 potential only if the real maximum is located at this position. This type of amplitude assessment is therefore expected to be susceptible to artifact due to topographical asymmetries of the electric field.
Although it is generally accepted that multichannel recordings of the brain's electrical activity are more meaningful for some purposes than recordings with fewer electrodes, the features of an evoked potential map cannot be easily described and tested as a whole. Accordingly, topographical map differences between groups in most studies are computed as multiple local differences, and the standard estimator for P300 field strength is still the amplitude at prefixed, selected electrode sites (usually PZ). Lebmann [4] has shown that statistical handling of the entire potential maps is possible based on space-oriented data reduction and extraction of meaningful parameters. For a global assessment of amplitudes, he has proposed measures that are independent from the recording reference, and includes the potential values of all electrodes.
The possibility that the effortful and automatic P300s are separate components was addressed by comparing the midline scalp topographies of the P300 elicited during the Startle paradigm and the Effortful paradigm in a repeated measures analysis of variance. While the means suggest that the automatic P300 has a central maximum and the effortful P300 a parietal maximum, the electrode × paradigm interaction was not statistically significant. Here, we provide support for multiple channel recording on the basis of our study results.
Methodology
Totally, 17 normal individuals were recruited for the study. The auditory ERP data were collected using the auditory odd ball P300 paradigm. Auditory ERPs were recorded with the subjects awake, comfortably sitting on a chair in a semi-darkened room and were requested to remain calm keeping their eyes closed to avoid electro-oculographic artefacts due to eye movements and improve the concentration and attention to the stimuli presented. AEP Recordings were performed in an air-conditioned, soundproof room using Ag/AgCl disc electrodes affixed with Ten 20 conductive paste after cleaning the sites with Nuprep EEG and ECG abrasive skin prepping gel.
Electrode placing, nomenclature, and methodology of auditory ERP recordings were done according to Chiappa. The 10-20 system of electrode placement was used in present study. The reference electrodes were placed at the left and right ear lobules (A1, A2). The active electrodes were placed at FZ, vertex (CZ), PZ, P3, and C3 positions for the recording of P300 and CZ alone for ERP recording. The earlobe electrodes were placed as reference electrodes. Grounding was done by placing an electrode on the forehead (FPz). All electrodes were plugged to a junction box, and skin to electrode impedance was kept below 5 K Ohm.
Signals picked up by electrodes were band-pass filtered between 10 Hz and 200 Hz, amplified, averaged and displayed on the screen of GALILEO NT Evoked Potential Recorder. P300 was measured from the FZ, CZ, PZ, C3, and P3 electrodes in response to random stimuli presented binaurally through headphones applied to the subject's ear. The ground electrode was placed at FPz. Standard auditory odd ball paradigm was used. In this paradigm design, the subject was presented with 300 stimuli as a sequence of two distinguishable sound stimuli, one of which occurred frequently (frequent stimulus/nontarget) for 240 times and the other infrequently (rare stimulus/ target) for 60 times. The frequency of the frequent stimulus was 1000 Hz, and that of the rare stimulus was 2000 Hz. The subjects were instructed to press the button whenever a target/infrequent stimulus were presented as soon as possible. The target stimulus sequence was random. The stimulus was presented at 80 dB SPL. The settings were properly selected, and evoked responses to the rare stimuli were filtered with a bandpass 1-30 Hz and averaged. Samples contaminated with artefacts were auto discarded. The responses to the frequent and rare stimuli were averaged. The waveform pattern was replicated. The sampling frequency was kept at 128 Hz. The different waveform latencies and amplitudes were calculated.
Analysis and Results
For analysis, descriptive statistics was applied for the P300 amplitudes in all the channels involved in the recording. For descriptive statistics, means, standard deviations, variances. For comparing the P300 amplitude values as obtained in various channels, paired t-tests were applied to the means obtained. The results have been described in Tables 1-3. Table 1 shows the sociodemorgaphic characteristics of the sample. Table 2 shows the descriptive statistics of the P300 amplitudes across the different electrode channels. Table 2 shows the comparison of the peak P300 amplitudes of different electrodes in comparison with the fixed comparator of CZ peak amplitudes. 
Discussion
Our study results show that there were significant differences between the amplitudes of P300 as recorded from CZ compared to the amplitudes of other electrodes. In line with the idea popular in literature, maximum amplitude was found in the midline region which was however located at the parietal regions rather than the central region. Therefore, the maximum amplitude was found at PZ followed by P3. As mentioned in the introduction, classical views regarding the origin of P300 have pointed toward specifically two different generators localized in the left and right medial temporal lobes with probable contributions from other cerebral structures such as the frontal lobe, [1] amygdale, [2] and the inferior parietal lobe. [3] Because of this bilateral and symmetric localization of the origin of P300, the widespread generator activities tend to sum up thereby resulting a midline central or parietal peak. However, our results show two important findings which should be taken into account while interpreting the active electrode as the major source of P300 recording. The first and foremost seems to be that the standard deviations and variances of the amplitude values that we observed were very high, sometimes even more than the mean values. The finding of high standard deviations suggests that the P300 amplitudes do not follow the normal distribution curve. The high variances indicate that the data are very much spread over the mean as well as to each other. Therefore, the variations of the P300 amplitude values can be too high. The least amplitudes were as low as −10 µV in the FZ channel. Hence, in some subjects, the peak may have been not in the midline where the electrodes were placed in the present study. Rather the peaks could have been lateralized to either side or on the location of a particular lobe. Second, there are irregularities in the localizations of maximum amplitudes in between individuals. By this, we mean that the variation in the mean amplitudes as not uniform anteroposteriorly or side to side. For example, the maximum amplitudes did not decrease uniformly from frontal to parietal areas (FZ = 21.40 µV, PZ = 18.60 µV, CZ = 19.80 µV). This finding specifically points toward the asymmetries of the generator activities of P300.
If there are asymmetries of the generator activity, topographical deviations of the P300 peak from midline can result. This type of amplitude assessment is therefore expected to be susceptible to artifact due to topographical asymmetries of the electric field. This is reflected in the amplitude distribution inconsistencies of our study. Such an effect may be crucial for the evaluation of amplitudes in subject groups with asymmetrical fields like schizophrenics. The result of no amplitude differences between schizophrenics and controls when using a global estimator of the field strength (reference-independent amplitude) supports this view and leads to the question of whether standard midline amplitudes are an adequate estimator of the P300 field strength.
[5] Therefore, a multichannel recording would provide the global field strength estimator which could be later used for pointing out the active electrode.
Accordingly, topographical map differences between groups in most studies are computed as multiple local differences, and the standard estimator for P300 field strength is still the amplitude at prefixed, selected electrode sites (usually PZ). Lebmann [4] has shown that statistical handling of the entire potential maps is possible based on space-oriented data reduction and extraction of meaningful parameters. For a global assessment of amplitudes, he has proposed measures that are independent from the recording reference, and includes the potential values of all electrodes.
A major limitation of the present study was that we did not conduct a bilateral recording. This could have given a better estimate of the symmetry-related irregularities of P300 in normal subjects.
Therefore, we conclude on the basis of our findings that the active electrode should not be fixed in the midline for everyone rather first the standard estimator for P300 field strength should be calculated and then the electrode reflecting this strength maximum should be considered as the active electrode. The comparison has been done with regards to CZ, therefore paired t-tests have been used with CZ P300 amplitude as the fixed comparator variable
